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Abstract. The article is devoted to the issue of research on the influence of the mass-
dimensional characteristics of the combined mixing and electric heating system on the
amount of heat released during its cooling. The main hypothesis of the work is that due to
the use of the amount of heat accumulated by the combined system of mixing and electric
heating during operation, it will be possible to save energy for heating the substance in the
reactors. Savings arise due to an increase in the duration between the cycles of turning on
the heating device. The article presents the results of numerical studies at different
temperatures of the electric heating element, reactor volumes, and mass-size
characteristics of the combined system.

The dependence of the change in the amount released during cooling of the combined
mixing and electric heating system on the mass and dimensional characteristics of the
system, the volume of the biogas reactor and the temperature of the heating element was
established.

The obtained results can be used in the design and construction of systems of mixing
and electric heating of the substrate in biogas reactors and combined with an automatic
control system. The established dependencies increase the profitability of biogas
production and reduce the cost of 1 m® of generated gas, due to the reduction of energy
costs for maintaining the temperature and hydrodynamic conditions necessary for
anaerobic fermentation to proceed.

Keywords: energy, heating, mixing, flexible electric heater, biogas reactor,
thermodynamic equilibrium.

Introduction. Biogas technologies are becoming increasingly widespread in the
energy sector of countries around the world. After all, it is in biogas reactors that
fermentation of organic waste takes place and biogas is obtained. Various types of organic
waste are fermented in biogas reactors, the most common of which are: livestock
excrement, litter in animal housing, feathers and poultry waste, agricultural products, etc.

Agricultural waste, animal feces, fluff, manure, feathers, fats and other waste from
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livestock complexes are biological mass, which by its composition is most effective for
fermentation in special tanks — biogas reactors without access to oxygen. The composition
of livestock waste primarily depends on the age and type of animals, the composition of
their diet and methods of maintenance.

The type of raw material fermented in a biogas reactor affects the concentration of
methane and other gases in the resulting volume of biogas.

It is worth noting that for the stability of the fermentation of the substrate, a necessary
condition is the maintenance of the set temperature and mixing of the substance [1, 2].

According to the conditions of the anaerobic fermentation process, biogas is released
in three temperature modes [3 — 5]: psychrophilic — 15-20 °C, mesophilic — 33-37 °C,
thermophilic — 55-57 °C.

The role of mixing is to prevent the formation of sediment and the destruction of the
floating crust, as well as the release of gas bubbles from the volume of raw materials [6].

The need to mix the raw materials being fermented in the biogas reactor is also
related to ensuring uniform distribution of the raw materials throughout the reactor
volume.

Careful mixing contributes to the growth of bacterial colonies, which in turn
increases the biogas yield and increases the profitability of the biogas plant.

Biogas plants are placed outdoors, so maintaining a stable temperature plays one of
the important functions while consuming a large amount of energy [6, 7]. In the literature
of foreign and domestic scientists, there are various systems for mixing and heating raw
materials [1, 6, 9].

One of the most common systems for heating reactors is to use a coil placed on the
outer wall of the reactor through which heated water is pumped. The disadvantage of this
method is the need for additional equipment for pumping heated water, the construction of
an additional boiler room and a heat supply main. The presence of a heat supply main from
the boiler room to the biogas reactor leads to additional heat losses to the atmosphere.

The works [10-15] give the results of theoretical and experimental studies that
indicate the effectiveness of the combination of the mixing system and electric heating.

Considering the above, it is necessary to investigate the influence of the mass-
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dimensional characteristics of the combined system of mixing and electric heating on the
amount of heat released during its cooling.

To date, the situation on the energy market remains unstable, therefore the issue of
increasing the energy efficiency of renewable energy sources is an urgent and important
task.

Purpose. Study of the influence of the mass-dimensional characteristics of the
combined system of mixing and electric heating on the amount of heat released during its
cooling.

Materials and methods. The main hypothesis is that the use of the amount of heat
released during the cooling of the metal structure of the combined mixing and heating
system will allow to save energy for heating the substance in the tanks. It is planned to
obtain savings due to an increase in the duration between the cycles of turning on the
heating device.

Numerical studies use the proposed combined system of mixing and electric heating,
which is shown in Fig. 1.

According to fig. 1 heating element is located directly in the blades and shaft of the
mechanical mixer. When the current passes through the spiral of the heating element, heat
Is released, and accordingly, the metal structure of the stirring device is heated.

A flexible electric heating element, the temperature of which is even 7; =60 °C is in

direct contact with the metal structure of the stirring device. As a result, the temperature of
the heating element and metal structure (7,) of the stirring device are the same

(TZZTBOC).
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Fig. 1. Longitudinal section of the biogas reactor with the proposed design of the
combined system of mixing and heating the substrate using a flexible electric heating
element: 1 — tank; 2 — hollow shaft; 3 — flexible electric heater; 4 — blade; 5 — slide latch;

6 — download channel; 7 — discharge channel; 8 — biomass; 9 — stuffing box seal; 10 —
support with bearings; 11 — explosion-proof sliding contacts; 12 — power source of direct
or alternating electric current; 13 — biogas outlet fitting; 14 — sleeve; 15 — trunnion.

The combined mixing and heating system is immersed in the raw material volume.
Because, according to the law of thermodynamic equilibrium, when two environments
with different temperatures are in direct contact, a process of heat transfer takes place
between them, as a result of which their temperatures are equalized.
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Mathematically, this process is described by the dependence:

T _mp-¢c-Ty+my-cy T (1)

&d m-C,+m,-C,

where m, — the mass of raw materials in the biogas reactor, Kg;

c, — specific heat capacity of raw materials, J /(kg-°C);

c, — specific heat capacity of the material from which the combined system is made,
J/(kg-°C);

T, — raw material temperature, °C;

T, — temperature of the combined mixing and electric heating system, °C;

m, — mass of the combined mixing and electric heating system, Kkg.

The mass of the combined mixing and heating system is found by the formula:
+myg, (2)

where m,, mg —mass of paddles and shaft of the mixing device, kg.
We determine the mass of the paddles based on the dependence:
p=Pp bp-Np-0p-2, 3)

where z — number of paddles, pcs;

m

P, — specific density of the material from which the blade is made, kg/m?;
hp — paddle height, m;

b, — paddle width, m;

6, — paddle thickness, m.

The mass of the shaft is determined from the dependence:
ms:ps'ls'%'(D:;Z_(D_z'és)z)’ (4)

where p, — specific density of the material from which the shaft is made, kg/m?;

I, — shaft length, m;

D, — outer diameter of the shaft, m;

o, — shaft wall thickness, m.
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During the cooling of the combined mixing and electric heating system, heat is
released (Q.,,)-

Mathematically, this process is described by a dependency:

Qcoot =¢2-my (T —T7) (5)

According to the purpose of the work, numerical studies were carried out for tanks
with a volume of 50 to 200 liters, under the condition of fermentation of raw materials at a
mesophilic temperature regime (7, =35 °C).

With an increase in the geometric dimensions of the biogas reactor, there is an
increase in the mass-dimensional characteristics of the combined mixing and electric
heating system.

Taking into account the above, in the numerical study, depending on the volume of
the biogas reactor, the appropriate mass of the combined system was used, the value of
which lies in the range from 17 to 42 kg.

The combined system is made of stainless steel with appropriate physical and
chemical parameters. Combined system temperature (7'5), was in the range from 35 to

60 °C for each volume of the biogas reactor.

The final condition of the numerical studies is: establishing the balanced temperature
of the raw materials in the reactor and the combined system at the mark 35 °C.

Results and discussion. The result of the conducted research is obtaining graphical
dependences of the temperature change of the combined system and the value of the
released heat (Fig. 2).

From the graphical dependences (Fig. 2) it can be seen that the combined system is
heated to 60 °C, accumulates in its mass from 210 to 520 kJ of thermal energy.

As a result of conducting numerical studies and analysis of graphical results (Fig. 2),
it was found that a decrease in the heating temperature (7';), leads to a decrease in the

accumulation of thermal energy in the metal structure of the combined mixing and electric
heating system. At the heating temperature (7’5 ), at the same fermentation temperature of

the substrate (7,), the amount of heat released during cooling of the combined system

Qcoot 0 KJ.
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Fig. 2. Results of a numerical study of heat release during cooling of the
combined mixing system and electric heating.

Based on the obtained results, a further direction of scientific and practical research
aimed at the creation and research of energy-efficient control systems for heating devices,
metal construction materials with different physical and chemical parameters, and schemes
for combining mixing and heating processes has been established.

Conclusions. Numerical studies were carried out at different temperatures of the
heating electric element and reactor volumes in order to determine the amount of released
heat during cooling of the combined mixing and heating system.

The dependence of the change in the amount of heat released during cooling of the
combined system on the volume of the biogas reactor was revealed.

The use of the proposed combined mixing and heating system in combination with an
automatic control system will allow to create a uniform distribution of heat throughout the
volume of the biogas reactor, as well as to reduce energy costs and increase the
productivity of the biogas plant.
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The established dependencies can be used at the design and operation stages of
biogas reactors.
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BUKOPUCTAHHS THYUYKOI'O EJIEKTPUYHOI'O HAT'PIBAJIBHOI'O
EJIEMEHTY VY AKOCTI HAT'PIBAJIBHOTI'O ITPUCTPOIO JJIS1 BIOT'A30OBUX
PEAKTOPIB
M. 0. Cnoooba, O.0. Cnoooba

AHoTanisi: Cmamms npucesaiena numaHHio 00CII0HCeHHs 8NIUBY MACO2AOAPUMHUX
xapaxmepucmux KOMOIHOBAHOI cucmemu 3MIULYBAHHA MA eleKMPU4UH020 Nidiepigy Ha
KLIbKIiCMb meniomu, o 8udiisicmscs npu ii oxonoodcenti. Ocnosna cinomesa pobomu
noudeae y momy, Wo 3a pPAxXyHOK SUKOPUCMAHHA KIAbKOCMI Menaomu HAKONUYeHol
KOMOIHOBAHOI CUCMEMOIO 3MIULYBAHHSA MA eleKMpuuH020 nidiepisy nio uac pobomu,
0036801UMb 3a0WaA0HCY8aMU eHepeilo 051 Hazpigy peyosuHu y peakmopax. Exonomis
BUHUKAE 30 PAXYHOK 30LNbULEHHS MPUBATIOCTI MIJHC YUKIAMU BMUKAHHS ONATIOBATILHO20
npunady. Y cmammi HageOeHi pe3yabmamiu UYUCEIbHUX OO0CHIONCEHb 3a PI3HUX
memnepamyp  eleKmpuiHo20 HacpiealbHO20 eleMeHmy, 00’€Mi8 peakmopie ma
Maco2abapumHux XxapaKxmepucmux KOMOIHOBAHOI cuCmeMmu.

Bcmanoeneno 3anedxcnocmi 3minu KiibKocmi 6UOLNEHOI NIO YAC OXO0J00NCEHHs
KOMOIHOBAHOI cucmemu nepemMiuly8anHs ma eleKmpuiHo2o nidiepiey 6i0 Maco-
2abapumHux — Xapakmepucmuk —cucmemu, o00’emy 0i02a306020 peakmopa ma
memnepamypu HazpiéaibHO20 eleMEeHm)Y.

Ompumani pesyromamu MONCYMb OYMU BUKOPUCNAHI NPU NPOEKMYBAHHI Mda
noOy008i cucmem nepemiuly8anHs ma eneKmpuiHo2o nioiepiay cyocmpamy y 6io2a308ux
peakmopax ma NOEOHAHI IX 3 CUCMEMOI0 ABMOMAMUYHO20 Kepy8auHs. Bcmamnosneni
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3a71eHCHOCII NLOBUWYIOMb PeHmabenbHicmb 0i02a306020 GUPOOHUYMBA MA 3HUNCYIOMb
gapmicmo 1 M® ymeopenozo 2azy, 3a paxyHoKx 3MEHULEHHS eHepeemUYHUX GUMPAM Ha
RIOMPUMKY MEMNepamypHux ma 2i0pOOUHAMIYHUX VMO8 HeOOXiOHUX OJisl NPOMIiKAHHS
anHaepobHo20 OPOOIHHSL.

KurwuoBi cioBa: euepzisn, nidicpie, nepemiuiy8anns, HY4YKUil ejleKmpuyHuil

niodizpieau, 6io2azoeuii peaxmop, mepmoouHamiyHa pieHosaza
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